Si-based photonics have been regarded as an effective way to improve data transfer rates of information processing systems 1 . In the past decades, great efforts have been devoted to achieving efficient Si-based light sources 2-6 . Rare-earth (RE) doped SiO 2 has attracted a lot of interest due to their high luminescence efficiency and wide spectral range extending from ultraviolet (UV) to infrared (IR) ranges [7] [8] [9] . Previously, efficient visible light-emitting devices (LEDs) based on RE-doped metal-oxide-semiconductor (MOS) structures have been demonstrated [10] [11] [12] . However, both the light emission yield and the reliability of the RE-doped oxides devices are limited by charge trapping and RE clustering effects 13 . Tb 2 O 3 is a very attractive member of RE oxides since it is a direct and wide-band-gap semiconductor (~3.8 eV), and its lattice constant (~10.73 Å) matches Si (~5.431 Å) 14 
. However, both the light emission yield and the reliability of the RE-doped oxides devices are limited by charge trapping and RE clustering effects 13 . Tb 2 O 3 is a very attractive member of RE oxides since it is a direct and wide-band-gap semiconductor (~3.8 eV), and its lattice constant (~10.73 Å) matches Si (~5.431 Å) 14 . Haugsrud et al. reported that Ca-doped Tb 2 O 3 is a p-type semiconductor 15 . In particular, Tb 3+ ions have been widely used as ideal activator ions for green display devices, detectors, and lasers 16 
Results and Discussion
The crystalline phases of as-deposited and annealed Tb 2 O 3 films were investigated by X-ray diffraction (XRD). As shown in Fig. 1(a) , the as-deposited film shows a weak diffraction peak at 2θ ≈ 29.0°, which corresponds to (002) plane of hexagonal Tb 2 O 3 . This peak increases and narrows with increasing the annealing temperature. Strong peak of (002) plane of Tb 2 O 3 is observed when the annealing temperature is further raised to above 700 °C. The lattice structure of the films is investigated by using a transmission electron microscope (TEM). The high-magnification TEM image shows the presence of crystalline areas in the Tb 2 O 3 film. As shown in Fig. 1(b) , there is an amorphous SiO x layer at the Tb 2 O 3 /Si interface, with a thickness of about 5 nm.
A Tb 2 O 3 LED was fabricated with the structure diagram shown in the inset of Fig. 2 . Intense green EL is observed when a positive voltage is applied on the indium tin oxide (ITO) layer, while no EL is detectable under reverse biases. The turn-on voltage of the device is as low as 8 V. The emission is bright enough to be observed by naked eyes under normal room light. The EL spectrum shows peaks at 484, 540, 582, and 616 nm, which correspond to 5 16 . The 5 D 4 -7 F 5 transition is the most intense one and features a double-peak structure, which can be attributed tothe crystal field splitting of the ground state. When increasing the forward bias, the EL spectral shape remains unchanged, with the intensity increasing with the applied voltage from 8 V up to 20 V. The forward current of the device reaches 2.8 mA when the forward bias is 20 V, while the reverse leakage current is minimal. These results show that the Tb 2 O 3 LED has excellent rectification performance.
The EL mechanism is schematically illustrated in the inset of Fig. 3 . When a sufficiently high forward bias is applied, the energy bands of both Tb 2 O 3 and SiO x bend upward along the electric field direction. According to Zhu et al. [21] [22] [23] , a trap-assisted tunneling (TAT) mechanism dominates the conduction mechanism at the EL-enabling voltages. When a sufficiently high forward bias voltage is applied between the two electrodes, a large number of electrons in Si accumulate in Si/SiO x interface and then reach the conduction band of Tb 2 O 3 by . In Fig. 4(b 18 . In Fig. 4(c . As shown in Fig. 4(d target. The as-deposited samples were annealed in O 2 ambient at 500, 600, or 700 °C for 1 hour, respectively. We fabricated the LEDs as schematically illustrated in the inset of Fig. 2 . ITO and Ag electrodes were deposited on the surface of the film and the back side of the Si substrate, respectively, both by magnetron sputtering.
The crystal structure characterization was carried out by using Bruker D8 ADVANCE XRD with Cu-Ka radiation, and the morphology of the samples was determined by TEM (Hitachi, H8100 200 kV). The EL spectra of the devices and I-V characteristics were measured by a system of an ACTON 150 CCD spectrometer and a Keithley 2410 source meter, respectively. 
